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(54) Hemostatic wound dressing and method of making same 



(57) The present Invention is directed to wound 

dressings that contain a fabric made from biocompatible 
polymeric fibers and having flexibility, strength and po- 
rosity effective for use as a hemostat, and a porous, pol- 



ymeric matrix prepared from a biocompatible, water-sol- 
uble or water-swellable polymer dispersed through the 
fabric; and to methods of making such wound dressings. 
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Description 

FIELD OF THE INVENTION 



[0001] The present Invention relates lo hemostatic wound dressings, more specifically, a flexible hemostatic patch 
comprismg a knitted fabric of oxidized cellulose and a porous water-soluble or water-swellable polymeric matrix and 
to a process of malting such fabrics 'and wound dressings. ,: ' 

BACKGROUND OF THE INVENTION 



[0002 The control of bleeding is essential and critical in surgical procedures to minimize blood loss, postsurgical 
comphcationandtoshortenthe duration of thesurgery in theoperation room. Oxidized cellulose, due to its bioresorable 
; bactenpidal and hemostatic properties, has long been used as a topical hemostatic wound dressing in a variety of 
surgical procedures, including neurosurgery, abdominal surgery, cardiovascular surgery, thoracic surgery, head and 
J"T7' ^ T """^ ^"'"^Mtaneous tissue procedures. Examples of hemostatic oxidized regen- 

«f liHi?w absorbable hemostats commercially available include Surgicel® absorbable hemostat, a knitted fabric 
Of ox dized regenerated cellulose (ORG), Surgicel Nu-Knit® absorbable hemostat. a dense ORG fabric and Surgicel® 
Fibrillar absorbable hemostat, mircrofibrils of ORG, all available from Johnsfln & Johnson Wound Management World- 
w'de. a division of Ethicon. Inc.. Somerville. New Jersey, a Johnson &'johnsor1Gompany. 

[00031 Although the absorbency of body fluid and the hemostatic action of currently available oxidized cellulose 
hemostats are adequate for applications where mild to moderate bleeding is encountered, they are not known to be 
effective to prevent or stop severe bleeding where a relatively high volume of blood is lost at a relatively high rate In 

from patients with over-anticoagul^tion. or patients with coagulopathies, such as hemophilia, etc.. a higher degree of 
25 hemostasis is required quickly 

[0004] In an effort to achieve enhanced hemostatic properties additional chemical moieties, such as calcium or 

biologies such as fibnnogen.thrombinandfibrin.have been boundtooxidizedcellulosefabrics.Thesebiologics-bound 
^^bina^on products require the use of proteins derived from human or animal blood or tissue. This imposes a risk 

30 Jl!. t . "'"^ T ^^T """^^"^ transmission by the products. Hemostatic wound dressings containing 

30 hemostatic agents are known. Woven or nonwoven fibrous materials are prepared by coating the materials with solu 
tions containing ammonium salts of cellulose derivatives, e.g. free acid cellulose glycolic acid ether and free acid 

aIT^'^T!^ ^'^^'7^^ ''"^'^^ ""^'^"^^ '^^^ ^"^^ P^^'^^^t'ly f^^ated at elevated temperatures, e.g 
175-350 C. to obtain surgical dressings having insoluble hemostatic agent impregnant 
35 iTS ^^T^l t?"^ adhesives, such as cyanoacrylate-based medical adhesives. function as hemostats 

only in very slowly diffusing bleeding. Sealant systems, usually involving chemical cross-linking steps, are not effective 
heniostatic agents on actively oozing or severely bleeding wound sites. The mobility of liquid sealants also makes it 
hardto apply manual or digital compression to help achieve hemostasis 

[0006] Cun-ently available oxidized cellulose hemostats noted above are knitted fabrics having a porous structure 
*o h!mocT? ? compressive strength and are flexible such. that a physician can effectiveV place the 

*o hemostat in position and maneuver same during the particular procedure being performed 

IS ^^'T "^^T ""'^"^ '^«'"°s^a«<= "materials and agents are known for use with respect to providing hemos- 
tasis for low to normal bleedmg. to date none of the noted hemostats. or combinations thereof, have been "horto 
be effective in providing hemostasis in cases of severe bleeding, e.g. high volume and high rate of bleedirig. The 
^ present invention provides such a hemostat that provides hemostasis in cases of severe bleeding. 
SUMIVIARY OF THE INVENTION 

[0008] The present invention is directed to wound dressings comprising a fabric having a wound-contacting surface 
^ ? ^"fr^ wound-contacting surface, the fabric comprising biocompatible fibers and having f lex- 

ibHity, strength and porosity effective for use as a hemostat; and a porous, polymeric matrix applied at least to the 
wourid-contacting surface of the fabric and dispersed at least partially through said fabric in an amount effective to 
provide and maintain hemostasis for severe bleeding, wherein the polymeric matrix comprises a biocompatible water- 
soluble or water-swellable polymer; and methods of maklng.such wound dressings and fabrics ' 
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[0009] 

5 Figure 1 is an image produced by scanning electron microscopy (X75)of a cross section of a comparative wound 

dressing. . . ; 

Figure 2 is an Image produced by scanning'electron microscopy (X75) of the wound-contact surface pf a compar- 
ative wound dressing. 

Figure 3 is an Image produced by scanning electron microscopy (X75) of a cross section of a comparative wound 
10 dressing. 

Figure 4 is an Image produced by scanning electron microscopy (X75) of the wound-contact surface of a compar- 
ative wound dressing. 

Figure 5 is an image produced by scanning electron microscopy (X75) of the top surface of a comparative wound 
dressing. 

IS Figure 6 is an Image produced by scannlngf electron microscopy (X75) of a cross-section of a wound dressing of 

the present invention. 

Figure 7 is an Image produced, by scanning electron microscopy (X150yof a cross-section of a wound dressing of 
the present Invention. • , 

Figure 8 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a wound 
20 dresslngof the present Invention. 

Figure 9 is an image produced by scanning electron microscopy (X75) of the top surface of a wound dressing of 
the present invention. 

DETAILED DESC'RtPTlON OF THE INVENTION 

25 

[0010] The present invention Is directed to hemostatic fabrics and wound dressings fabricated at least In part from 
such fabrics, each of which provides and maintains effective hemostasis in cases of severe bleeding, where a relatively 
high volume of blood is lost at a relatively high rate. Exarhples of severe bleeding Include, without limitation, arterial 
puncture, liver resection, blunt liver trauma, blunt spleen trauma, aortic aneurysm, bleeding from patients with over- 
30 anticoagulation, or bleeding from patients with coagulopathies, such as hemophilia. The present invention allows a 
patient to ambulate quicker than the current.standard of cafe following, e.g. a diagnostic or Interventional endovascular 
procedure. 

[0011] Wound dressings of the present invention comprise a fabric having a wound-contacting surface and a top 
surface opposing the wound-contacting surface. Thefabric comprises fibers and possesses physical properties suitable 
35 for use as a hemostat. Such properties include flexibility, strength and porosity. Dispersed at least on the wound con- 
tacting surface, and preferable through the fabric, Is a porous polymeric matrix comprising a biocompatible, water- 
soluble or water-swellable polymer, in amounts effective to provide and maintain hemostasis in cases of severe bleed- 
ing- 

[0012] The fabrics utilized in the present invention niay be woven or nonwoven, provided that the fabric possesses 
40 the physical properties necessary for hemostasis. A preferred woven fabric has dense and knitted structure that pro- 
vides form and shape for the hemostat. 

[0013] The fibers comprise a biocompatible polymer. The fibers may be fabricated from any biocompatible polymer 
known for use in medical wound dressings. Such polymers include, without limitation, collagen, calcium alginate, chitin, 
polyester, polypropylene and cellulose. Preferred fibers comprise oxidized regenerated cellulose. 

45 [0014] In preferred embodiments of the present invention, the absorbable hemostatic fabrics comprising the porous 
" polymeric matrix dispersed there through are warp knitted tricot fabrics constructed of bright rayon yarn which is sub- 
sequently oxidized by known techniques. The fabrics are characterized by having a single ply thickness of at least 
about 0.5 mm, a density of at least about 0.03 g/cm2, air porosity of less than about 150 cm^/s.ec/cm^ and liquid 
absorption capacity of at least about 3 times the dry weight of the fabric and at least about 0.1 g water per cm^ of the 

50 fabric. 

[0015] The knitted fabrics have good bulk without undue weight, are soft and drapabte, conforming well to the con- 
figuration of the surface to which they are applied. The fabric may be cut into suitable sizes without running or fraying 
along the cut edge. Fabric strength after oxidation Is more than adequate for use as a surgical hemostat. 
[0016] Preferred hemostatic fabrics used in the present invention comprise oxidized cellulose and are best charac- 
55 terlzed by their physical properties of thickness, bulk, porosity and liquid absorption capacity as recited above. Suitable 
fabrics having these properties may be constructed by knitting 60 denier, 18-filament bright rayon yarn on a 32-gauge 
machine at a knit quality of 12. A suitable tricot fabric construction is front-bar 1-0, 10-11 ; back-bar 2-3, 1-0. The 
extended shog movement imparted to the front bar results in a 188 inch runner compared to a 70 inch runner for the 
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sSont 'leT '^'^'^ "^'^ "'^^ °' '° ''-^ - this particular con- 

[0017]^ Typical physk^al and hemostatic properties of preferred fabrics produced as described above are noted in 
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TABLE I 



r f upeny 




ThIr'Ifnocc tmm\' 


0.645 


Density {g/cm^); 


0.052 


Air rorosity (cm'* /sec/cm^); 62.8 




Tensile Strength(^)(md/cd)Kg; 


1.9/4.5 


Elorigation(2) (%); 


23/49 


Absorptlon(3) 




(g/g fabric); 


3.88 - 


{g/cm2 fabric); 


0.20 


Hemostasis(^) (min) 




1 ply; 


5.7±1.0 


2 ply; 


5.6 ± 1.8 



/2)_, *^*'*^n»onnia/ca = macninedrrection/cross direction 

^ ' Elongation, machine direction/cross direction. 

<2) Absorption based on weight of water absorbed by fabric. 

Hemostasis evaluation on incised porcine splenic wounds, time to stop bleeding. 

ioTio i'otel del?tlr'""' " ''"9*'t rayon yarns of from about 

pre erabirSs Z 5 d^^^^^^ may conta.n from 10 to 25 individual filaments, although each individual filament is 

S^fJt Js oauae orf^-^ ' - - """" '''' ^"^ '"^''^ ^^"^'^ obtained by 

Kn tting at 28 gauge or finer, preferably at 32 gauge, with a fabric quality of about 1 0 or 1 2 (40 to 48 courses DerTnrhv 

i„'?r." ""T '!"■ <>»"«elions whkS. produce «,ui„ale™ physical properties may cf course be 

rsru:i^rs:rarr:rcS:erre*r"" 

iween me hemostat and the bleeding site to stop the blood flow 

EcchSs lTvmalL';vT''"^^ "''r '^"'''"^^ °' ''^^ ^'^^oui limitation. 

2n ^k'?' k''"' °' <=«*oxymethyl cellulose, carboxymethyl cellulose (CMQ caZyethy Sos^^ 
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dextran, carboxymethylchitosan, heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratan sulfate, 
carrageenans, chitosan, starch, amylose: annylopectin and polyuronic acids Including polymannuronic acid, polyglu- 
curonic acid and polyguluronic acid. Most preferred is sodiuni carboxymethyl cellulose. 

[0023] The composite hemostat of the present invention remains very flexible, conforms to a bleeding site, and retains 
5 good tensile and compressive strength to withstarid handling during application; The hemostat can be cut Into different 
sizes and shapes to fit the surgical needs. It can be rolled up or packed into irregular anatomic areas/The fabric in a 
preferred embodiment is a knitted oxidized regenerated cellulose (ORG), such as Surglcel Nu-Knit® , available from 
' Ethicon, Inc., Spmerville, New Jersey. 
[0024] As noted above, the wound dressing of the present Invention must comprise a porous polymeric matrix dis- 
10 persed at least partially there through in order to provide and maintain hemostasis In cases of severe bleeding. A 
preferred method of making the porous polymeric matrix is to contact the fabric with the appropriate amount of polymer 
solution, thereby dispersing the dissolved polymer through the fabric, flashrtreeze the polymer and fabric, and then 
remove the solvent from the frozen structure under vacuum, i.e. lyophlllzatlon. Through this preferred lyophllization 
method, a fabric comprising a matrix of the water-soluble or water-swellable polymer and having microporous or na- 
15 noporous structure is obtained. The lyophilizatlon condition is important to the novel porous structure in orderto create 
a large surface area In the hernostat with which body fluids can interact. 

[0025] The features of such microporous structure can be controlled to suit a desired application by choosing the 
conditions to form the composite hemostat during lyophllization. To maximize the surface area of the porous mathx of 
the present invention, a preferred method is to quickly freeze the fabric/polymer construct at lower than 0°C, preferably 

20 at about -50°C, and to remove the solvent under high vacuum. The porous matrix produced thereby provides a large 
. fluid absorbing capacity to the hemostatic wound dressing. When the hemostatic wound dressing comes Into contact 
with body fluid, a very large surface area of polymer is exposed to the fluid instantly, The hydration force of the hemostat 
and subsequent formation of a tacky gelatinous layer helps to create an adhesive interaction between the hemostat 
and the bleeding site. The microporous structure of the polymeric matrix also allows blood to quickly pass through the 

25 fabric surface before the hydration takes place. The formation of a gelatinous sheet on oxidized cellulose upon blood 
contact will enhance the sealing property of the water-soluble. gelatinous layer, which is criticarto fast hemostasis for 
moderate to severe bleeding. 

[0026] The fabric comprises polymer in an amount effective to provide and maintain hemostasis in cases of severe 

bleeding. If the ratio of polymer to fabric is too low, the polymer does not provide an effective seal to physically block 
30 the bleeding. If the ratio is too high, the composite hemostat wound dressing will be too stiff or too brittle to conform 
to wound tissue in surgical applications. Such an excessive ratio will also prevent the blood from quickly passing through 
the fabric surface to form the gelatinous layer on oxidized cellulose that is critical for enhancing the sealing property. 
A preferred weight ratio of polymer to fabric is from about 1 :99 to about 15:85. A more preferred weight ratio of polymer 
to fabric is from about 3:97 to about 10:90. 
35 [0027] In certain embodiments of the present invention, the porous polymeric matrix is dispersed substantially ho- 
mogeneously on at least the wound-contacting surface of the fabric and through the fabric. In such cases, the fabrte 
may be emersed in the polymer solution to provide homogeneous distribution throughout the fabric prior to lyophiliza- 
tion. In other embodiments, it is preferred that only the wound-contact surface of the hemostat sticks well to wet sur- 
faces, while the physician handling side, or top surface of the fabric, does not. In such cases, the fabric maybe partially 
40 emersed in the polymer solution so as to provide polymer at least on the wound-contact surface of the fabric. In this 
way, a gradient of polymer in the fabric is provided, whereby the fabric will comprise an effective amount of the lyophi- 
llzed polymer adjacent the wound-contacting area, while the top surface of the fabric comprises little or no dispersed 
polymer and maintains ease of handling for the physician. 

[0028] The present invention is best exemplified in the figures prepared by scanning electron microscope. The sam- 
45 pies were prepared by cutting 1 cm^ sections by using a razor. Micrographs of both top surface and wound-contacting 
surfaces and cross-sections were prepared and mounted on carbon stubs using carbon paint. The samples were gold- 
sputtered and examined by scanning electron microscopy (SEM) under high vacuum at 4KV. 

[0029] Figure 1 is a cross-section view (75X) of uncoated ORG fibers 12 organized as fiber bundles 14 and knitted 
into fabric 10 according to preferred embodiments of the invention discussed herein above. One commercial example 
50 of such a fabric is Surglcel Nu-Knit® absorbable hemostatic wound dressing. 

[0030] Figure 2 is a view of the wound-contact surface of the fabric of Figure 1 . Individual fibers 1 2 are shown within 
a bundle. 

[0031] Figure 3 is a cross-section view of fabric 20 having wound-contact surface 22 and top surface 24 and that 
has been coated with a solution of sodium carboxymethyl cellulose (Na-GMG) and then air dried as in Example 6. 
55 Individual fibers 23 also are shown. 

[0032] Figure 4 Is a view of wound-contact surface 22 of fabric 20. As observed therein, in the course of air drying, 
polymer 26 agglomerates and adheres to fibers 23, in many instances adhering fibers 23 one to the other and creating 
large voids 28 in the hemostatic fabric through which body fluids may pass. Polymer 26 dispersed on and through 
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f abric 20 is not in the state of a porous matrix and thus provides no hemostasis in cases of severe bleeding as described 
herein above due, at least in part, to a lack of sufficient porosity, e.g. surface area, to provide polymer/body fluid 
interaction effective to provide and maintain hemostasis in cases of severe bleeding 

M °1^L '"'^"'^ ^ ^ "'"^ °' ^"'^^''^ °' '^^"'^ 20. As shown, top surface 24 contains a larger concentration of 
Na-CMC coating matenal as opposed to the wound-contact surface shown iri Figure 4, obscuring most of fibers 23 
although the knitting pattern could still be discerned. The coating was thick enough to span across all of the fibers and 
generate an intact layer 27 of its own, also shoxyn in Figure 3. This layer appeared to be brittle, as cracks 29 in the 
coating were observed. The coating, layer thickness varied from as thin as.about 3 microns in some sections to about 
30-65 microns in other sections. 

[0034] In comparing the surface morphologies of wound-contact surface^ and top surface 24 of fabric 20 it is 
apparent that wound-contact surface 22 contained significantly less Na-CMC. The coating was significantly thinner on 
the fibers than the coating on the top surface. While some. Na-CMC was obseived to span across some fibers the 
coating was incomplete or had perforations present. The coating layer thickness, where present, did not exceed about 
2 microns. 

[0035] It is clear from Figures 3-5 that the fabrics prepared by air-drying' do not contain a porous, polymeric matrix 
dispersed at least on the wound-contact surface and dispersed at least partially there through. As such those fabrics 
do not provide and maintain hemostasis in casffs of severe bleeding, as shown herein. In addition, such fabrics are 
bnttle, strff, do not conform to wound sites, are not handlable by physicians^nd generally are not suitable for use as 
wound dressings in cases of severe bleeding. ■ , 

[0036] Hemostatic fabrics according to the present Invention are set forth in Figure 6-9. As shown in Figures 6 and 
7. a porous polymer matrix is more unifoimly distributed on wound-contact surface 32 and throughout fabric 30 Polymer 
36 fomris a porous matrix integrated with the knitted fibers 33. The porous polymer matrix exhibits significant liquid 
absorption properties from capillary action in the same manner as a sponge. 

[0037] As shown in Figures 8 and 9, the matrix disposed on the relative surfaces contains countless pores ranging 
from about two microns to as large as about 35 microns in diameter or greater. Figure 8 shows wound-contact surface 
32 of fabnc 30. As noted, polymer 36 is present in the form of a porous matrix about fibers 33, thereby providing ample 
polymer surface area with which body fluids can interact upon contact therewith. Top surface 34 shown in Figure 9 
also contains polymer 36 in the form of a porous matrix about fibers 33. 

[0038] It is clear from Figures 6-9 that fabrics and wound dressings of the present invention contain a porous poly- 
menc matnx dispersed on the wound-contact surface and substantially homogeneously through the fabric Due to the 
porous nature of the matrix, body fluids are permitted to pass into the matrix, where ample surface area of polymer Is 
present to Interact with the body fluids. This results in faster and a higher degree of hemostasis. particularly where 
bleeding is occurring at a high volume/rate. 

[0039] It also is clear from Figures 3-5 that comparative fabrics and wound dressings do not contain a porous poly- 
menc matrix, either on a surface of the dressing or dispersed throughout the fabric. As a result, the amount of polymer 
present to interact with body fluids is significantly reduced, in addition, due to the fomiation of agglomerated polymer 
layers during a.r drying, body fluids are not permitted to pass freely into the wound dressing where they can interact 
with and bind to the dressing. Both of these characteristics results in less hemostasis, such that wound dressings of 
^°"f "ft ^° provide and maintain hemostasis In cases of severe, bleeding. Additionally, such fabrics were 
mn!]« ,^ ^"^ ^"""^ placement within andconfomiance toa wound site by a physician is not acceptable 
[0040] In certain embodiments of the invention, a drug or a combination of phamiaceutical agents can be incorporated 
into the hemostat. To fabricate such a hemostat, a drug or agent is first dissolved with a polymer in a solvent The 
fabric IS then coated with the polymer/drug solution, and the solvent is removed through lyophilization. Preferred drugs 
^ and agent include analgesics. anti-Infective agents, antibiotics, adhesion preventive agents, procoagulants and wound 
healing growth factors. 

[0041] While the following examples demonstrate certain embodiments of the invention, they are not to be interpreted 
as limiting the scope of the invention, but rather as contributing to a complete description of the invention. 
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Example 1: 

ORC/HEC porous patch preparation: 



[0042] One gram of hydroxyethyl cellulose (NEC, from Aldrich) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer. 10 grams of the HEC solution was transferred into a crystallization dish with a 
diameter of 1 0 cm. A piece of Surgfcel Nu-Knit® absortjable hemostat. based on oxidized regenerated cellulose (ORG) 
having a diameter of 9.8 cm (about 1 .3 gram) was placed on the HEC solution in the crystallization dish. After soaking 
the fabric in the solution for 3 minutes, the wet fabric in the dish was then lyophilized overnight. A very flexible patch 
was formed. The patch was further dried at room temperature under vacuum. 
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Example 2: 

ORC/CS porous patch preparation 

s [0043] One gram of cellulose sulfate (CS, from ACROS Organicsj was dissolved in 99 grams of deionlzed water. 
After complete dissolution of the polymer, 10 grams of the CS solution was transferred into a crystallization dish with 
a diameter of 10 cm. A piece of Surgicel Nu-Kriit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on 
the CS solution in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric was then lyophilized 
overnight. A very flexible patch vyas formed. The patch was further dried atl^oom temperature under vac^jum. 

10 . * 

Examples: 

ORC/MC porous patch preparation 

. IS [0044] One gram of methyl cellulose (MC, fronl Aldrich) was dissolved in 99 grams of deionized water. After complete 
dissolution of the polymer, 10 grams pf the MQ'Solution was transferred into a crystallization dish with a diahneter of 
10 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on the MC solution 
inthecrystallizationdish. After soaking the fabric for 3 minutes, the wet fabric in t,he dish was then lyophilized overnight. 
A very flexible patch was formed. The patch was further dried at room temperature under vacuum. 

20 

.Example 4: 

ORC/Water-Soluble chltosan (WS-CH) porous patch preparation 

25 [0045] One gram of WS-CH was dissolved in 99 grams of deionized water. After complete dissolution of the polymer, 
1 0 grams of the WS-CH solution was transferred into a crystallization dish with a diameter of 1 0 cm. A piece of Surgicel 
Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on WS-CH solution in the crystallization dish. 
After soaking the fabric for 3 minutes, the wet fabric in th6 dish was then lyophilized overnight. A very flexible patch 
was fdmried. The patch was further dried at room temperature under vacuum. 

30 

Examples: . . 

ORC/Na-CMC porous patch preparation 

35 [0046] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water. 
After complete dissolution of the polymer, 1 0 grams of the Na-CMC solution was transferred into a crystallization dish 
with a diameter of 10 cm. A piece of Surgicel Nu-Kpit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed 
on the CMC solution in the crystallization dish. After soaking the. fabric for 3 minutes, the wet fabric in the dish was 
then lyophilized overnight. A very fliexible patch was fomried. The patch was further dried at room temperature under 

40 vacuum. 

Comparative Example 6: 
ORC/Na-CMC film preparation 

45 

[0047] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water 
After bomplete dissolution of the polymer, 1 0 grams of the Na-CMC solution was transferred into a crystallization dish 
with a diameter of 10 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed 
on the Na-CMC solution in the crystallization dish. The wet fabric in the dish was then air-dried overnight. A rigid and 
so brittle patch was formed. The ORC/Na-CMC film was further dried at room temperature under vacuum. The film was 
not effective as a hempstat because it was too stiff and did not conform to the bleeding site well. 

Example 7: 

55 Na-CMC porous patch preparation 

[0048] One gram of sodium salt of CMC (Na-CMC, medium viscosity grade from Sigma) was dissolved in 99 grams 
of deionized water. After complete dissolution of the polymer, 60 grams of the Na-CMC solution was transferred into 
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a crystallization dish with a diameter oil 0 cm. The solution in the dish was then lyophilized ovemight. A porous sponge 
was tomned. The patch was further dried at room temperature under vacuum. 

Examples: 

Hemostatic performance of different materials in porcine splenic incision model ' . 

[0049] A porcine spleen incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles. A linear incision of 1,5 cm with a depth of 0.3 cm was made with a surgical blade 
on a porcine spleen. After application of the test article, digital tamponade was applied to the incision for 2 minutes.' 
The hemostasis was then evaluated.. Additional applications of digital tamponade for 30 seconds each time were used 
until complete hemostasis was achieved. Fabrics failing to provide hemostasis within 12 minutes were considered to 
be failures. Table 1 lists the results of the evaluation. 

Tablet 



Hemostatic performance of different materials 



Percent of test samples to achieve hemostasis within the tinie period 



Material 


0-2 (min) 


2-3 (min) 


3-4 (min) 


4-5 (min) 


5-6 (min) 


<12(min) 


Surgicel Nu-Knit® fabric 


0% 


0% 


100% 








Example 1 patch 


1 00% 












Example 2 patch 


100% 












Example 3 patch 


100% 












Example 4 patch 


100% 












Example 6 patch 


100% 












Example 6 film 






50% 




50% 




Example 7 sponge 












0 


Surgical gauze 












0 



45 



[0050] As indicated from the results, wound dressings prepared using lyophllization as the means for removing sol- 
vent improved hemostatic property of hemostatic fabrics, while the alr-dried process failed to enhance the hemostatic 
property of hemostatic fabrics.. Additionally, lyophilized Na-CMC sponge alone failed to achieve hemostasis. 

Examples: 

Hemostatic perfomiance of Example 5 (ORC/Na-CMC) in a porcine splenic arterial needle puncture model 

[0051] A puncture defect was made on a porcine splenic artery with an 18-gauge needle. After the needle was 
removed, severe bleeding was observed. A test article (2.5 cm X 2.5 cm) was applied over the puncture site. Digital 
pressure was applied over the test article for 2 minutes. The hemostatic performance was evaluated. The observations 
are listed in Table 2. 



Table 2 



Comp 


arisen of Initial time to Hemostasis and Ability of Maintaining Hemostasis 


Material 


# of Digital Pressure 


Initial Time to Hemostasis 


Maintenance of Hemostasis 


Surgicel Nu-Knit® 


1 


<2 min 


Re-bleeding occurred after 4 min 


Example 5 Patch 


1 


<2 min 


No Re-bleeding occurred 
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Example 10: 

Hemostatic performance ot different materials in a porcine splenic incision model with tamponade for 30 seconds 

[0052] A porcine spleeri incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles. .A linear incision of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
on porcine spleen. After application of the test article, digital tamponade was applied to the incision for 30 seconds. 
The hemostasis evaluation was then perfomned. Additional applications of digital tamponade for 30 seconds each time, 
were used until complete hemostasis was achieved. Table 3 lists the results of the evaluation. 

Table 3 ■ 



Hemostatic perfonnance of different materials in a splenic incision model 


Material 


# of Digital Pressure 


Tjme to Hemostasis 


Surglcel Nu-Knit® 


5 


2 mtn 55 sec 


Example 5 Patch 


1 


<30 sec 



Example 11: 

Hemostatic performance of different materials in a porcine splenic cross-hatch model 

[0053] A porcine spleen cross-hatch model was used for hemostasis evaluation of different materials. The materials 
were cut into 3 cm X 3 cm squares. A surgical defect (2 cm X 2 cm, 0.2 cm. deep) was made with a surgical blade on 
the porcine spleen. Additional bleeding was induced by making three additional equally spaced, side-to-side horizontal 
incisions and three additional equally spaced, side-to*side vertical incisions within the defect. After application of the 
test article, digital tamponade was applied to the incision for 2 minutes. The hemostasis evaluation was then performed. 
Additional applications of digital pressure for 30 second each time were used until complete hemostasis was achieved. 
Table 4 lists the results of the evaluation. 

Table 4 



Hemostatic performance of different materials in a splenic cross-hatch model 


Material 


# of Digital Pressure 


Time to Hemostasis 


Surgicel Nu-Knit® 


4 


3 min 55 sec 


Example 5 Patch 


1 


<2 min 
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Claims 

1. A hemostatic wound dressing, comprising: 

a fabric, said fabric comprising a wound-contacting surface and a top surface opposing said wound-contacting 
surface, said fabric comprising fibers and having flexibility, strength and porosity effective for use as a hemo- 
stat, said fibers comprising a biocompatible polymer; and 

a porous, polymeric matrix applied to said wound-contacting surface and dispersed at least partially through 
said fabric, said porous polymeric matrix comprising a biocompatible, water-soluble or water-swellable poly- 
mer. 



50 



55 



2. The wound dressing of claim 1 wherein said fabric is woven ornonwoven. 

3. The wound dressing of claim 1 wherein said fabric Is knitted. 

4. The wound dressing of claim 3 wherein said fibers comprise oxidized regenerated cellulose. 

5. The wound dressing of claim 4 wherein said water-soluble or water-swellable polymer is selected from the group 
consisting of polysaccharides, polymethacrylic acid, polyamines, polyimines, polyamides, polyesters, polyethers. 
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androSr Po'ypeptides. proteins. po,(a.ky,ene. oxides). pCythloeste., polythioethe. 

6. The wound dressing of claim 4 wherein said water-soluble or water-swellable po^rmer is a polysaccharide 

aeM, polygkicronlc acild and p.SuS« ' ' Pol/n-annur^ic 

15. ThelM,*ololalmMwhe,al„saMpo,.usp.l,m,*„,™ comprise. l„Miredsodlumca«^^^ 

18, A process for making a wound dressing: comprising 

polymer""' ' ""'''"'""^ ' water-soluble or water-swellable biocompatible 

.^-ntacing said solution with said fabric under conditions effective to distribute said solution through said 
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lyophilizing said fabric having said solution distributed there through, thereby providing a porous polymeric 
matrix comprising said water-soluble or water-swellable polymer dispersed through said fabric. 

19. The process of claim 18 wherein said fabric Is knitted. 

20. The process of claim 19 wherein said fibers comprise oxidized regenerated cellulose. 

21. The process of claim 20 wherein said porous polymeric matrix comprises a polymer selected from the group con-, 
sisting of polysaccharides, polymethacrylic acids, polyamines, polyimines, polyamldes, polyesters, polyethers, 
polynucleotides, polynucleic acjds, polypeptides, proteins, poly (alkylene oxides), potythioesters, polythloethers 
and polyvinyls. 

22. The process of claim 20 wherein said porous polymeric matrix comprises a polysaccharide selected from the group 
consisting of methycellulose, hydroxyalkyi cellulose, cellulose sulfate, water-soluble chitosan, salts of carboxyme- 
thyl cellulose, carboxymethyl cellulose, carboxyethyl cellulose, chltin, carboxymethyl chitin, hyaluronic acid, salts 
of hyaluronic acid, alginate, alginic acid, propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan,. 
pectin, pullulan, xanthan, chondroltin, chondroitin sulfates, carboxymethyl dextran, carboxymethyl chitosan, 
heparin, heparin sulfate, heparan , heparan sulfate, demrjatan sulfate, keratan sulfate, carrageenans, chitosan; 
starch, amylose, amytopectin, polymannuronic acid, polyglucuronic acid and polyguiuronic acid. 

23. The. process of claim 22 wherein said porous polymeric matrix comprises sodium carboxymethyl cellulose. 

24. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to said fabric Is from 
about 1 :99 to about 20:80. 

25. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to sajd fabric is from 
about 3:97 to about 10:90. 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 9 




20 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP1 378 255 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

28.01.2004 Bulletin 2004/05 

(43) Date of publication A2: 

07.01.2004 Bulletin 2004/02 

(21) Application number: 03254114.6 

(22) Date of filing: 27.06.2003 



(51) Intci7: A61L 15/28, C08L 1/04, 
A61L 1 5/26, A61 LI 5/24 



(84) Designated Contracting States: 


• Looney, Dwayne Lee 


AT BE BG OH CY CZ DE DK EE ES Fl FR GB GR 


Flemington, NJ 08822 (US) 


HU IE IT LI LU MC NL PT RO SE Si SK TR 


• Zhang, Guanghui 


Designated Extension States: 


Belle Mead, N J 08502 (US) 


ALLTLVMK 


• Gorman, Anne Jessica 




Hightstown, NJ 08520 (US) 


(30) Priority: 28.06.2002 US 186021 






(74) Representative: Mercer, Christopher Paul et a| 


(71) Applicant: ETHICON, INC. 


Carpmaels & Ransford 


Somerville, N J 08876 (US) 


43, Blcomsbury Square 




London WC1 A 2RA(GB) 


(72) Inventors: 




• Guo, Jian XIn 




Bridgewaier, NJ 08807 (US) 





(54) Hemostatic wound dressing and method of making same 



(57) The present Invention is directed to wound 
dressings that contain a fabric made from biocompatible 
polymeric fibers and having flexibility, strength and po- 
rosity effective for use as a hemostat, and a porous, pol- 



ymeric matrix prepared from a biocompatible, water-sol- 
.uble or water-swellable polymer dispersed through the 
fabric; and to methods of making such wound dressings; 



FIG. 6 



CO 
< 

LO 
CM 

00 
CO 



Q. 
LU 




3^-^ f X75 200|ini 

36 53 



Printed by Jouve, 7S001 PARIS (FR) 



EP 1 378 255 A3 



J 



European Patent 
bfflce 



EUROPEAN SEARCH REPORT 



AppScation Number 

EP 03 25 4114 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
' of relevant passages 



US 2 914 444 A (SMITH DAVID F) 

24 November 1959 (1959-11-24) 
♦column 12, line 16-64; example XV * 

* example XV * 

GB 983 073 A (JOHNSON & JOHNSON) 
10 February 1965 (1965-02-10) 

* page 8, line 50-63 * ' 

EP 0 177 064 A (JOHNSON & JOHNSON PROD ' 
INC) 9 April 1986 (1986-04-09) 

* claim 1 * 

US 3 328 259 A (ANDERSON ROBERT J) 
27 June 1967 (1967-06-27) 

* claims 1,2,9; figure 1 * 

GB 942 305 A (PARACHEM CORP) 
20 November 1963 (1963-11-20) 

* claims 1,11; figure 1 * 

US 5 409 7G3A (HALL JOHN E ' ET AL) 

25 April 1995 (1995-04-25) 

* column 17, line 60-68 * . . 

* column 13, line 60 - column 14, line 15; 
figure 2 * 



The present search report has been drawn up for all claims 



Place a1 aearcft 

MUNICH 



Dae of compieton ci the ieaich 

8 December 2003 



Relevant 
lb claim 



1-8, 

13-15. 

18 

1-4.13. 
14 

1-4.13, 
14 



1,5-7. 
13,14 



1.5-7. 
13,14 



18 



CLASSIFICATWN OF THE 
APPLICATION {\m.(X7) 



A61L15/28 
C08L1/G4 
A61L15/26 
A61L15/24. 



TECHNICAL FIELDS 
SEARCHED . (lntCI.7) 



A61L 

C08L 



Staber, B 



CATEOOBY OF CnTED DOCUMENTS 

X : paiticularty relevant if tsKen abne 

Y : paitieulciriy relevant If cembined with another 

dsoument of the tame oategory 
A : technological background 
O : non-written cfoclosure 
P : intermediate document 



T ; theory orpnnc|>le underlying tha invention 
E : earlier patent documeni, but published on, or 

alter the longdate 
0 : document eitad in the applieatian 
L : document cited for other reason* 

i : mamber of the same patsnl family, coriespondng 
document 



2 



EP 1 378 255 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. . EP 03 25 4114 



This annex Itsfs the patent family members relating to the patent documents cited in the above-mentioned European search report. 
ih» members are as contained In the European Patent Office EDP file on ' 

The European Patent Office is in no way liable tor these particulars which are merely given for the purpose of Infomiation . 

O8-12-2G03 



Patent documerit 
cited in search report 



Publication 
date 



Patent family 
member(8) 



Publication 



us 2914444 



24-11-1959 NONE 



bb yooufi 


A 
M 


10-02-;i965 CH 


430049 A 


1 C-n9-1 QA7 






FI 


41060 B 


30-04-1969 






FR 


131G49« A 


30-11-1962 






NL 


262878 A 








SE 


301213 B 


27-05-1968 






US 


3364200 A 


16-01-1968 


EP 0177064 


A 


09-04-1986* sUS ^AA4i26253^A 


02-12-1986 
15-08-1991 






AU 


580337 B2 


12-01-1989 






AU 


4835685 A 


10-04-1986 






CA 


1253321 Al 


02-05-1989 






DE 


3583786 Dl 


19-09-1991 






EP 


0177064 A2 


09-04-1986 






HK 


17392 A 


13-03-1992 






IE 


57311 Bl 


15-07-1992 






JP 


1866569 C 


26-08-1994 






JP 


5076310 B 


22-10-1993 






JP 


61090668 A 


08-05-1986 






NZ 


213571 A 


30-05-1988 






SG 


107791 G 


16-04-1992 






ZA 


8587682 A 


27-05-1987 



US 3328259 


A 


27-06- 


1967 


US 


3813466 A 


28-05-1974 


GB 942305 


A 


20-11- 


1963 , 


DE 


1417385 Al 


12-03-1970 


US 5409703 


A 


25-04- 


1995 


AT 


218376 T 


15-06-2002 










AU 


7115394 A 


17-01-1995 










CA 


2164624 Al 


05-01-1995 










CN 


1127474 A 


24-07-1996 










OE 


69430746 Dl 


11-07-2002 










DE 


69430746 T2 


19-12-2002 










EP 


0705113 Al 


10-04-1996 










JP 


8511964 T 


17-12-1996 










WO 


9500184 Al 


05-01-1995 



u For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



THIS PAGE BLANK (usPTO) 



I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FA^ED TEXT OR DRAWING 



12 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES • 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (USPTO) 



